Ultrasonic attenuation and velocity have been measured in Mnpg in the vicinity of the ¹eltemperature.
INTRODUCTION
t 4HE compound MnF2 is a well-known. antiferromag-.net with a Noel temperature of 67.336'K as de- termined by NMR. Its stlucturc ls tctrRgonRl rutllc with a room temperature c/tt ratio of 0.675. In the region of the Nttel temperature, the c/a ratio changes' because of a small contraction in the direction of spin alignment but there is no associated structural change.
Several years ago one of us published some prclimiQRry mcasurcmcnts oQ ultrRsonlc attcnuRtlon ln MQF2.
These data, for propagation in the L110] direction, showed a peak in longitudinal wave attenuation near the Noel temperature. The peak height increased with frequency and was unaffected in size and position by the magnetic 6elds available. No attenuation peak was observed for shear waves and no velocity change was observed for either longitudinal or shear waves. These results diAered from those obtained in experiments with other antiferromagnetic materials. Chromium4 ' showed a dip in Young's modulus at the Noel temperature and an increase in internal friction starting at the Ncgl temperature and reaching a maximum at the "spinQip" temperature. Other experiments on the oxides of cobalt, 6 nickel,~and manganese' showed similar CGects: A lowering of modulus and an increase in internal friction as the temperature is decreased through the critical temperature.
Since publication of the hrst results on MQF2, the ferromagnetic transition in gadolinium '0 and the anti-' P. Heller and G. Benedek, Phys. Rev. Letters 8, 428 (1962 An associated change in modulus will be the sum of the changes in transit time and the changes in length due to thermal expansion. Using the measured values of thermal expansion" and choosing a conservative 2'C temperature interval, the thermal effect is small compared to the upper limit of our ability to measure changes in transit time. Thus, in the critical region the change in modulus is less than four parts in 104.
The attenuation measurements were taken with an automatic attenuation comparator" which measures the height of a particular echo and whose output is a dc voltage proportional to the logarithm of the echo height. This output was displayed on the vertical channel of an x-y recorder, and an amplified voltage from the platinum resistance thermometer was fed into the horizontal channel. The attenuation scale was calibrated by insertion of precision attenuators. In the critical region, peaks in the longitudinal wave attenuation were observed for both directions of propagation. Figure 1 shows one of the x-y records for $001j
propagation of 30-MHz longitudinal waves. Here the X-like chara, cter of the attenuation peak is clearly discernible, and the data presented represent a con- From 10 to 70 MHz the measurements are thought to be reliable enough to give a rough estimate of the frequency dependence of the attenuation peak. For both directions this dependence is approximately that the peak height is proportional to oP. Visual observations have been made at frequencies up to 440 MHz using cadmium sulhde transducers. At these higher frequencies, all the eGects described stiH persist: A large velocity change was not apparent, the attenuation peak still is apparent and is large, and no large attenuation peak is evident for shear waves.
DISCUSSIOÃ
The results of these experiments on ultrasonic propagation in single-crystal MnF2 in the region of the Noel temperature are as follows:
(a) Near the Noel temperature a X-like peak is observed in the attenuation of longitudinal waves.
(b) The attenuation for longitudinal waves propagating parallel to $001j is always greater than the attenuation for propagation parallel to L1101.
(c) Both peaks occur at the same temperature, which is very close to the Noel temperature.
(d) In the range of frequencies used there is no change in transition temperature with frequency and the peak attenuation for both directions of propagation is roughly proportional to the square of frequency.
(e) No In addition to ultrasonic attenuation, the specific heat for an antiferromagnet has been estimated by Bennett and Pytte to vary as C (T -T, ) &12 . The speciYic-heat data" seem to show a logarithmic singularity but can be fitted with an inverse power law with an exponent value less than 0.L. The values of y mentioned above predict a much stronger temperature variation of the specific heat. The diBerence between theoretical prediction and experiment for both the ultrasonic attenuation and the specific heat point out that a better understanding of the spin-diffusion coeKcient is needed and that the approximations in the theory do not properly take into account anistropy and also possibly tend to overestimate the critical fluctuations.
